In 2010, there was a bold commitment to take action in halting global biodiversity loss by 2020. Now, half way through the Convention on Biological Diversity strategic plan 2011-2020, the success of the mission is under discussion. With the Twelfth Conference of the Parties attesting a lack of action, attention is now focused on the science-policy interface. This article offers a critical examination of the current debate on the science-policy interface and its implications for biodiversity research. The aim is to demonstrate the need for a social-ecological perspective. First, we argue that there is not only a lack of action but also a lack of knowledge. Second, we present socialecological systems as a common framework for biodiversity research. Third, we explain the potential of transdisciplinarity in biodiversity research. We finish by calling for a decisive turning point to consider the hybrid notions of biodiversity in science, politics and conservation activities.
Introduction
The Global Biodiversity Outlook 4 ([SCBD] Secretariat of the Convention on Biological Diversity 2014) provides serious indications that the pressures on biodiversity will continue to increase until 2020 while its status simultaneously declines. Furthermore, Tittensor et al. (2014) conclude that despite ongoing policy and management responses, the impacts of these efforts are unlikely to result in any improvement to biodiversity by 2020. In response to this, the Twelfth Conference of the Parties (COP) to the Convention on Biological Diversity (CBD), held in Pyeongchang, Republic of Korea in 2014, identified key actions in order to address the issue (UNEP 2014) . The CBD recommended measures that countries can take, depending on national circumstances and priorities, to accelerate the implementation of the Strategic Plan for Biodiversity 2011-2020 and to facilitate the achievement of the Aichi Biodiversity Targets (UNEP 2014). However, some CBD member countries rejected to include this list of key actions into the main decision and thus only allowed it to be annexed. This fact decisively weakened the role of the key actions.
The Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) was initiated in 2010 and aimed to strengthen the science-policy interface for biodiversity and ecosystem services for the conservation and sustainable use of biodiversity. IPBES is the intergovernmental body assessing the state of biodiversity and of the ecosystem services for society. Being policy relevant but not policy prescriptive, IPBES aspires to create a new type of science-policy interface (Görg et al. 2010; Borie & Hulme 2015) . For this reason, the IPBES Conceptual Framework was developed in order to facilitate cross-disciplinary and cross-cultural understanding (Díaz et al. 2015a ). This framework is a simplified model of the interactions between nature and people seeking to embrace not only different disciplines but also different knowledge systems (Borie & Hulme 2015; Díaz et al. 2015a ). In this regard, different scholars claim that biodiversity knowledge organisations such as IPBES must acknowledge the ontological and epistemic plurality of biodiversity and related values (see Spierenburg 2012; Turnhout et al. 2012; Borie & Hulme 2015; Díaz et al. 2015a; Chan et al. 2016 ).
This article is a critical examination of the current debate on the science-policy interface and its implications for biodiversity research. First, we argue that despite the ongoing national and international endeavours, there is not only a lack of action but rather a lack of knowledge at three levels (Becker 2002; Jahn et al. 2012) : system knowledge for a better understanding of the causes and impacts of biodiversity loss, orientation knowledge for determining the opportunities and constraints of decision-making and transformation knowledge for identifying ways and means of realising such decisions. Integrated research is needed in order to bridge this gap. Second, we outline social-ecological systems (SES) as a common research framework in current biodiversity research, based on a transdisciplinary research approach. Third, we show how a transdisciplinary research approach can bridge the identified gap in knowledge. We conclude by presenting characteristics of the type of social-ecological biodiversity research that we advocate.
2. Not only a lack of action but also a lack of knowledge
The fact that the parties of the CBD identified the need for a plan of action to achieve the Aichi Goals by 2020 indicates that they assume a lack of action. A list of key actions and recommendations for implementation was adopted. In line with this last COP in 2014, Tittensor et al. (2014: 244) conclude in their mid-term analysis of progress towards international biodiversity targets that 'efforts need to be redoubled to positively affect trajectories of change and enable global biodiversity goals to be met by the end of the current decade'. The Thirteenth COP in Cancun, Mexico in December 2016 will provide some indication of how useful these key actions have been.
According to McCarthy et al. (2012) , the lack of action corresponds to a lack of financial efforts for conservation funding. However, from a governance perspective, Swiderska et al. (2008: 48ff.) conclude that the investments in biodiversity should not be limited to protected areas and conservation. They argue for mainstreaming biodiversity in other policy fields such as national development and povertyreduction strategies or sectoral planning issues. In this regard, they notice a lack of integration in mobilising substantial resources for an effective biodiversity policy. Among others, Swiderska et al. (2008: 128ff.) see a lack of capacity on the part of individuals, communities and organisations as an additional obstacle to governing biodiversity. Allowing local communities to play an active role in shaping conservation initiatives and securing their rights to resources gives them a key incentive to participate in and sustain biodiversity conservation (see Ostrom et al. 1999; Dietz et al. 2003; Mehring et al. 2011) . This is crucial for a better linkage between policies (both international and national) and local conditions/priorities (participatory processes, improve transparency etc.).
As we will argue, the relationships between these shortcomings have to be recognised. Cash et al. (2003) summarise that the efforts to mobilise science for sustainability are more likely to be effective when they address boundaries between knowledge and action. It is particularly important to analyse the factors that lead to a lack of action (e.g. lack of interest and motivation, or different priorities across key players) and consider how these relate to insufficient financing and integration, and what capacities for more expedient processes are required. Furthermore, many studies show that to enhance knowledge about the status of threatened species and implement successful measures for their protection, one needs to take into account the respective economic, societal and political conditions (e.g. Ban et al. 2013; Jaramillo-Legorreta et al. 2007; Carpenter et al. 2009; Collins et al. 2011; Mitchell et al. 2015) . There have been a lot of discussions already on the lack of knowledge on biodiversity, especially in the beginning of IPBES (Loreau et al. 2006 ). However, these were very often focused on a general lack of knowledge or biased towards natural science-based knowledge (Larigauderie et al. 2012) . A first conclusion that can be drawn is that there is a need to improve the knowledge base for the conservation and sustainable use of biodiversity. This is a plea for learning more about the conditions and correlations surrounding conservation efforts and making it a major topic for social sciences and integrated transdisciplinary research.
In attempting to bridge this lack of knowledge about (the loss of) biodiversity, it is crucial to deal with ignorance (e.g. about undetected species), contested knowledge (e.g. access to biodiversity and benefit sharing) and uncertain knowledge (e.g. trade-offs or multifunctionality of biodiversity). The complex nature of biodiversity loss always leads to uncertain knowledge. And inactivity as a consequence of uncertain knowledge will result in yet more losses -a situation which is irreversible on human timescales.
Thus, synergies must be built among different knowledge systems in order to provide the sciencepolicy community with the basis that is needed to decide on the right course of action to halt global biodiversity loss and to maintain related ecosystem services (Thaman et al. 2013 ). This implies integration of different knowledge holders and their academic or practical expertise (Tengö et al. 2014; Martín-López & Montes 2015) . Going beyond the scientific community, one needs to consider the knowledge produced, transferred and used by various stakeholders and organisations (Cornell et al. 2013) . Moreover, approaching biodiversity loss as a 'wicked' problem (Sharman & Mlambo 2012) requires the consideration of different types of knowledge. In general, the discourse on problems of non-sustainable development differentiates between the following three types of knowledge (Jahn et al. 2012: 8) :
• System knowledge: the (analytical and theoretical) knowledge involved in trying to understand an issue, that is, for a better appraisal and evaluation of interactions and (non-) sustainable developments;
• Orientation knowledge: the knowledge with which to identify opportunities and the constraints of decision-making. This is required, for example, to differentiate between desired and undesired developments and for the formulation of criteria and indicators for more sustainable developments; • Transformation knowledge: the knowledge of the ways and means of implementing such decisions -for the development of appropriate and feasible options for action.
In relating these different knowledge types to biodiversity research, it is easy to become entangled in various needs for knowledge. The interrelation between biological processes (e.g. data about extinction risks) and societal conditions (e.g. data about the use of biodiversity and ecosystem services differentiated by characteristics such as age, gender and educational or ethnical background) is a substantial part of system knowledge: How do ecological and societal processes interact? What are effects and feedbacks? What issues emerge from these interactions? Questions related to governance-like capacities and financial resources primarily belong to transformation knowledge: What factors facilitate different types of action? What barriers exist? Finally, it is when mainstreaming biodiversity into society to overcome the lack of integration that orientation knowledge is needed: Which ecosystem services should be protected, which disservices avoided? For example, different types of knowledge are required with regard to annual global timber production and supply trends. Data published by the FAO is frequently modelled or estimated, yet figures are not consistently reported for each country and generally tend to be more accurate for developed countries than for developing countries: system knowledge on the supply and demand of timber is needed. There is also a need for improved knowledge on trade-offs between timber production and other forest ecosystem services (such as regulating services or non-timber forest products): orientation knowledge on which ecosystem service (timber production) is managed in the expense of another (non-timber forest products) is essential. Finally, achieving a global and regional sustainable and just balance between timber supply and harvest, transformation knowledge is needed on barriers such as, for example, power relations (see Leadley et al. 2014) .
Acknowledging this knowledge gap, the international research platform Future Earth is designed to provide knowledge needed to support transformations towards sustainability. It claims to address the grand global sustainability challenges, including biodiversity loss, by following an inter-and transdisciplinary approach (Future Earth 2014a, 2014b).
'Safeguard the terrestrial, freshwater and marine natural assets underpinning human well-being by understanding relationships between biodiversity, ecosystem functioning and services, and developing effective valuation and governance approaches' represents one of eight key challenges that should be addressed in sustainability research. The Strategic Research Agenda 2014 of Future Earth claims for 'a novel way of doing science', including 'a strong emphasis on full integration among scientific disciplines, on engagement with societal partners in codesigning and co-producing knowledge, on international collaboration, on producing knowledge that is valuable to decision makers, and on generating the solutions that society needs' (Future Earth 2014a: 9). However, the implementation of the research agenda has not progressed far enough to assess its impacts. Lots of hope is given to the current process of implementing Knowledge-Action-Networks (www.future earth.org/knowledge-action-networks).
A major challenge when it comes to this need for new or recombined knowledge is the hybrid notion of biodiversity in science, policy and conservation as a value-laden concept (see also Turnhout et al. 2013 ). In addition, the need for conservation and sustainable use is also an ethical and moral question (Jax et al. 2013) and it has to be acknowledged that different values such as intrinsic, instrumental and relational values are expressed by people (Chan et al. 2016) . Decision makers have to deal with this complexity and a careful weighting of different trade-offs is needed. The role of scientists is in assisting in that by creating the evidence base for responsible decision-making (Spierenburg 2012) . This requires a careful study of the dynamics within SES including the different trade-offs (ibid).
Social-ecological systems as a common framework
A factor contributing to this complexity is that the dynamics of biodiversity are not strictly attributed to either the 'natural' or the 'social' sphere, but are inherently characterised by intricate interactions between nature and society -so-called human-nature interactions . From a theoretical perspective, these interactions can be described as 'societal relations to nature' (Becker et al. 2011; Becker 2012) . Societal relations to nature emerge from the culturally specific and historically variable practices by which human beings, groups and societies shape and regulate their relations to nature on local, regional and global scales. Societal relations to nature take shape and must be regulated at different levels: at the micro level via the individual satisfaction of needs and provisioning activities with the benefits of relevant ecosystem service; at the meso level via the regulation of supply systems and resource utilisation and at the macro level via the regulation of societal and ecological reproduction and integration (Becker 2012: 41) . Regulation is understood here as a dynamic process of iterative or interwoven interactions between mutually dependent factors. The discussion about basic needs within the sustainability discourse emphasises basic societal relations to nature such as nutrition, water supply, mobility, housing and shelter, etc. These are elementary and indispensable for both human reproduction and societal development, and a failure to regulate them can have farreaching consequences and adverse effects.
The crisis-prone development of societal relations to nature means that this social-ecological perspective must take a problem-oriented perspective. The core of the research is about the conditions for sustainable transformation and regulation of these nature-society interactions. The concept of societal relations to nature distinguishes between the physical-material and cultural-symbolic aspects of relations. It is then possible to examine how different natural and societal structures and processes are selectively and dynamically linked, thus allowing societal relations to nature to be described and analysed as a SES (Figure 1) .
Global biodiversity loss can be conceived as a crisis-prone development of societal relations to nature. Despite a great deal of uncertainty, ignorance and contested knowledge surrounding the phenomenon, there is a high demand for evidence-based political decision-making. At the same time policymakers face the challenge to decide whether action should be taken at a national or regional level (Görg et al. 2010) . Different trade-offs in using biodiversity and ecosystem services occur: temporal (benefit now -cost later), spatial (benefit here -cost there), beneficiary (some win -others lose), service (manage for one service -lose another) (Spierenburg 2012) . Turnhout et al. (2013) argue that institutions and regulations dealing with biodiversity must incorporate wide diversity of knowledge, understanding and evaluation of the subject. If one looks at global biodiversity loss in the context of a SES, it becomes clear that societal and natural structures and processes are tightly interwoven (see Figure 1) . The SES is a system nested in both nature and society. Different actors influence the natural system and its ecosystem functions. The natural system provides ecosystem services and also ecosystem disservices that are harmful to society. Biodiversity has key roles at different levels of the ecosystem services hierarchy: as a regulator of underpinning ecosystem processes, as a final ecosystem service and as a good Balvanera et al. 2014) . Thus, biodiversity loss is not only decisively influenced by societal processes but can itself have severe impacts on society.
Linking biodiversity dynamics to a SES framework allows for a better understanding of the complexity of biodiversity loss, its dynamics, interactions and processes on different scales as well as enabling the inclusion of social considerations (Ban et al. 2013; Carpenter et al. 2009; Fischer et al. 2015; Martín-López & Montes 2015) . From a problem-oriented perspective, the analytical core of the SES should be determined by specific social-ecological structures and processes of nature-society interrelations: societal practices on the use of biodiversity and ecosystem services; different types of knowledge on how to manage biodiversity and ecosystem services; institutional settings that constitute the regulatory mechanisms for using biodiversity and for conservation; as well as technology installed to conserve and use biodiversity and ecosystem services (see Figure 1) .
It is interesting to note that the initial recognition of the strong linkages between society and nature has resulted in a growing demand for biodiversity to be addressed via an integrative Figure 1 . Nature-society relations as a social-ecological system (SES) (source: Hummel et al. 2011, modified) .
approach (Liu et al. 2007; Carpenter et al. 2009; Palomo et al. 2014) . The concept of ecosystem services has increasingly been included in research objectives, policies and international initiatives (e.g. MEA 2005; TEEB 2010; Díaz et al. 2015b ) over the past two decades (Reyers et al. 2013; MartinezHarms et al. 2015) with the aim of investigating the links between ecosystems and human wellbeing. Still, these interactions continue to be studied by separate scientific disciplines (Liu et al. 2007 ). The thorough and unbiased integration of ecology and biodiversity along with sociocultural and non-monetary values remains a major challenge which carries with it the risk of financial exploitation of nature Poe et al. 2014; Gavin et al. 2015; Silvertown 2015; Rissman & Gillon 2016) . The concept of ecosystem services is claimed to be an auspicious approach designed to connect nature and society (Schröter et al. 2014) . However, there is still a vital discussion on the notion (Chan et al. 2016) , current understanding (Abson et al. 2014 ) and initial intention (Gómez-Baggethun et al. 2010 ) of values within the concept of ecosystem services. A major controversy arose while framing biodiversity within the Conceptual Framework of IPBES (Díaz et al. 2015b ) through either the utilitarian notion of ecosystem services or the holistic notion of 'mother earth' (Borie & Hulme 2015) . Integrating the latter, the Conceptual Framework claims to go further than any previous science-policy interface in its incorporation of knowledge systems (such as indigenous and local) other than western science (Díaz et al. 2015a ). However, honouring this plurality of knowledge still has to be proven in the upcoming future (Borie & Hulme 2015) . Soberón and Peterson (2015) even argue that the Conceptual Framework is simplifying drastically the complexity especially of indigenous and local knowledge and question the fact that one single Conceptual Framework can provide some sort of Rosetta Stone (Díaz et al. 2015a ) covering the different scales (especially regional, national and local) including the relevant stakeholders thereof. The integration of different kinds of scientific and practical knowledge, as well as integrated perspectives on interactions among natural and social processes are also a major challenge for the Strategic Research Agenda 2014 of Future Earth that seeks 'to co-produce knowledge across cultural and social differences, geographies and generations' (Future Earth 2014a , 2014b . In general, a variety of frameworks for analysing SES currently exists; they vary significantly as to their theoretical and disciplinary origin, their purpose and the way they conceptualise the social and the ecological system as well as the interaction thereof (Binder et al. 2013 ).
However, this diversity is important because it reflects the complexity of research questions and purposes addressed by the different frameworks (ibid).
The role of transdisciplinarity
There is an increasing consensus in sustainability science in general that new ways of knowledge production are needed (Cash et al. 2003; Tengö et al. 2014) as expressed in the co-design and coproduction discussion within Future Earth (Future Earth 2014a). However, biodiversity science still lacks a diversity of knowledge and framings (Turnhout et al. 2013 ) and progress in the use of knowledge produced from ecosystem services science remains insufficient . Transdisciplinarity can provide adequate answers to these challenges, since it seeks to integrate different kinds of knowledge (scientific, professional, practical and everyday knowledge). Transdisciplinarity describes a new 'principle of research and science' rather than a method (Mittelstraß 2005) , and can be understood in terms of a critical and self-reflexive research approach that relates societal to scientific problems. A major characteristic of transdisciplinary research is its reference to realworld problems such as sustainable development or natural resource management (Klein et al. 2001) . Referring to Jahn et al. (2012) , we see how three consecutive steps of an ideal transdisciplinary research process can be distinguished (Figure 2 ): (1) a common research object must be established by scientific and societal stakeholders, which translates the real-world problem into a scientific issue; (2) new knowledge is then produced by means of interdisciplinary collaboration and (3) the new knowledge is evaluated both for its contribution to societal and scientific progress. In research practice, this ideal model helps to structure the research process in terms of defining the research subject, goals and research questions and developing the solution-oriented research design.
Transdisciplinarity in biodiversity research is critical, as biodiversity research addresses more and more the underlying societal causes and effects of biodiversity loss (Mehring et al. 2012) . Furthermore, addressing the challenges in the application of the ecosystem services approach, especially the tradeoffs (see Spierenburg 2012) , a transdisciplinary approach is essential. Transdisciplinary biodiversity research is conducted at the interface of society and science by integrating different types of knowledge (system, orientation, transformation) (see Figure 2) . It addresses biodiversity loss as a 'boundary object' and the concept of ecosystem services can be interpreted as a key concept for the integration of diverse knowledge related to sustainability (Star & Griesemer 1989; Becker 2012; Abson et al. 2014) . In this way, transdisciplinary biodiversity research seeks to facilitate a mutual learning process between science and society. At an international workshop on opportunities and challenges of transdisciplinary biodiversity research experts, representatives and decision makers summarise the added value as (i) a better exchange of knowledge between different stakeholders (on use and conservation of biodiversity), (ii) a better link to practical local knowledge on biodiversity and (iii) increased acceptance of the results (Mehring et al. 2012) .
Acknowledging that human societies are highly interconnected with the biophysical system, the SES framework conceptually formalises this interdependency (Martín-López & Montes 2015) . Taking the value plurality into account (Chan et al. 2016) , the current framing in biodiversity research must be opened to views, knowledge and non-academic stakeholders (Turnhout et al. 2012) . Thus, sustainability science addressing the different types of knowledge such as system, orientation and transformation (see Figure 2 ) emerges as the body of knowledge able to understand this complex interaction (Martín-López & Montes 2015) . Martín-López and Montes (2015) argue that the current challenge of biodiversity conservation must be addressed through the operationalisation of sustainability science. Coevolving sustainability science including the different types of knowledge such as system, orientation and transformation (see Figure 2 ) with SES research mutually co-benefits in order to pursue inter-and transdisciplinary collaboration (Partelow 2016) . By focusing on nature-society relations in a transdisciplinary context, one can offer an integrated vision on biodiversity loss. Not only the assessment and monitoring of biodiversity dynamics become relevant but also questions as to 'which biodiversity and related ecosystem services should be protected' or 'what factors facilitate/impede different types of action'. At the same time, attention must be paid to not subsume biodiversity under more general topics perceived to be more relevant (e.g. water food energy nexus) and loose ground for biodiversity research.
Social-ecological biodiversity research
We call for a decisive turn in current biodiversity research to take into account the hybrid nature of biodiversity (sitting between science, politics and conservation activities) and address the different knowledge types. Conserving the diversity of life requires an acknowledgement of the diversity of values and knowledge involved (Turnhout et al. 2013) . In order to bridge the current gap between needs and action we need a fundamental transformation designed to (re) frame biodiversity research. A social-ecological perspective addressing a crisis-prone development of societal relations to nature and incorporating the above identified knowledge types -system, orientation and transformation knowledge -is necessary to overcome this challenge.
In summary, we argue for a social-ecological transdisciplinary biodiversity research that is
• Normatively focused on the sustainable use and conservation of biodiversity, with the aim of preserving the continuity of social-ecological structures and processes. Orientation knowledge is needed to address the question 'What should we do?' (normative level).
• Systemically conceptualised through SES via critical analysis of the non-sustainable regulation and transformation of biodiversity use and protection. The focus will be on social-ecological structures and processes with changing patterns of interactions between actors and ecosystem functions delivering ecosystem services. System knowledge is needed to address the question 'What is true?' (descriptive level).
• Problem-oriented because it implies a strong reference to operative, strategic activity and to concrete, controllable and affordable solutions to specific problems of non-sustainable use patterns of biodiversity and ecosystem services. The integration of scientific and practical knowledge is a high priority at this stage (cf. Jahn 2015). Transformation knowledge is needed to address the question 'What can we do?' (operative level).
Taking the vision from Future Earth that 'a new type of science that links disciplines, knowledge systems and societal partners' (Future Earth 2014b) seriously into account, we believe that the presented three qualities of social-ecological transdisciplinary biodiversity research and their interdependencies are crucial for the success of addressing the grand challenges, including biodiversity loss.
